Inhibition of endotoxin-induced nitric oxide synthase production in microglial cells by the presence of astroglial cells: a role for transforming growth factor beta.
In mixed glial cell cultures from cerebral cortices of newborn rats, endotoxin induces inducible nitric oxide (iNOS), nitric oxide (NO), and interleukin-1 beta (IL-1 beta) production in microglial cells. Earlier we demonstrated that endotoxin induced iNOS but not IL-1 beta expression in microglial cells is inhibited by the presence of astroglial cells. In the present paper we describe studies on the mechanism by which astroglial cells exert selective suppressive action on iNOS expression by microglial cells. Expression of iNOS and IL-1 beta was studied by single or double label immunocytochemical techniques and cell identification was performed with GSA-I-B4-isolectin and an antibody against GFAP. Production of IL-1 beta and NO was determined by measurement of IL-1 beta and nitrite concentrations in cell lysates and the culture medium, respectively. TGF beta, a cytokine known to inhibit NO production by endotoxin challenged macrophages, was measured in culture medium of mixed glial cell cultures using a bioassay. Microglial, astroglial, and mixed glial cell cultures produced similar concentrations of TGF beta. The potential effect of TGF beta was studied by using immunoneutralizing antibodies against TGF beta 1 and TGF beta 2 on the induction of iNOS in microglial cells in the presence of astroglial cells. Incubation of the mixed glial cell culture with these TGF beta antibodies (3 micrograms/ml) markedly increased endotoxin-induced NO production and iNOS expression in microglial cells, whereas the production of IL-1 beta was not affected. The antibodies against TGF beta 1 and TGF beta 2 marginally increased NO production in pure microglial cell cultures, nonetheless in cultures of purified microglial cells recombinant TGF beta 1 and TGF beta 2 together with endotoxin inhibited NO production. We conclude that the presence of astroglial cells is essential for the inhibitory effect of TGF beta on NO production by microglial cells (possibly) by activation of TGF beta or by increasing the sensitivity of microglial cells for TGF beta.